STORM WATER DETENTIO

MANAGEMENT




DRAINAG  TENTION

DRATNAGE ///
A.  No Ucwwgﬁﬂm structure, or use of land for other than agricultural purposes shall be constructed

a lot or tract of land where the total Impervious land cover, as proposed, shall exceed 20,0
square feet (e%xcluding publicly accepted streets) until a drainage plan as it relates to
proposed use of the land shall be approved by the City Engineer. The Chief Building

not issue a UCHH&M:M7ﬁmﬂEHn for such improvements until the drainage plan require

shall be approved by tlie City Engineer.

icial shall
y this section

B. The drainage plan as requiret by this section shall include but not be
showlng existing proposed buil s, storm drainage facilities, gro
plans with grading plan, and drain@ge system; drainage facility
engineering calculations, area of bﬂy vious cover and total

mited to a site plan
cover, site construction
sign data including area map,
and area.

C. The drainage plan shall be prepared and app

he standards of the City Engineer, as set
forth in the Manual of Standard Designs and De

D. Impervious ground cover for the purpose of
terrazzo, roofing, clay tile, or any o r natural or
absorption of surface water. -~

shall mean: Asphalt, concrete, stone, brick,
-made material that is resistant to the

E. The City Engineer shall not prove a drainage plan where the rmwater runoff will be increased
by the proposed impervio cover for storms up to and including thbge expected to occur one in ten
years unless mmmncmeABnoqmeonm are made to control the excess runo so that.the rate of storm-
water runoff is egufvalent to the rate of stormwater runoff prior to the
impervious gr d cover. Provided however, the drainage plan as required b
waived HgVH e tract being developed is a part of .a larger tract for which the an for control of
mxnmmW\rum already received prior approval and has been implemented and the runo
wm\kdwam<m#owmm is not expected to exceed the standard used in granting said prior

rovided further, the drainage plan may waive any requirements for detention of water n the
tract being develcped 1s located within a designated floodway or flood hazard area, as prowided

in Ordinance No. 786, and the natural flow of the water drains into the said land subject to
floodway regulations.
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that literal interpretation of this ordinance creates an undue hardship, the
ppeal to the Subdivision Review Committee lor a variance in whole or in p

t
No part of this mmnnwaé shall be applied to structures existing prior to the ef
11 existing impervious ground cover be used in the

tive date
culation of

-~ ———

JONALD C. McGLOHON, MAYOR

ERK

APPROVED:DATE an m__m:wo

e T

F. In the mUM
applicant ma
from this ordin ce.
-
. \
G.
of this ordinance nor s
runoff.
ADOPTED this the _l4th  day of
ATTEST:
7 -
. "
K\_P.ﬁns \%\. X‘ ;hNWA.\..N
LOIS D. WORTHINGTON, TY CL
-~ -~
\\
\\\\
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The following criteria will be used for the design and construction of all stormwater
“mpowndment facilities within extraterritorial boundaries of the City of Greenville.

GENERAL : .

-Design and installation of all stormwater impoundment facilities must comply
with applicable Federal, State, and local laws. Attention should be given

to the City of Greenville Soil Erosion and Sediment Control Ordinance and

the North Carolina Dam Safety Law -o£—1967-
-In no case shall a habitable Structure be located within the impoundment

area of any stormwater storage facility.
-No utilities (sewer lines, power lines, water lines, etc.) shall be located
within or immediately around any impoundment facility. 0~ /bx
. 02 o

-All impoundment facilities will be considered permanent. . Qﬂ%&iﬁ

DESTIGN AND CONSTRUCTION CRITERIA

-All facilities shall be protected by a :DﬂmwﬂmmmIWGﬁdﬂdwdd.mmmmsmﬂnzﬁﬂmnOﬁ&ma
at the Pitt County Register of Deeds office.

SITE LOCATION: . ] .

-1t is recommended tha tormwater impoundment EHHMMMWm be located on the

site from which the runoff~to be controll S generated. However,

-0ff-site impoundments facilitie acceptable provided the land area involved
with the facility is delineat@d on an eptable map and offically recorded

at the Pitt County Re er of Deeds offi S a permanent "Drainage Detention
Easement', Also official commitment to ma¥ntenance of the facility will

be required .~ : hlllill

REVISIONS
WO.| DATE DEBCRIPTION
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T WIWOTER

“SEPR PLAN: -

following:

I '+ Devekopment Plan
Vﬁm.

N

. r
A. Ma ﬁ//m.mm tures: 4&“\\\
-Legend VY
-Noxtch A ;ﬂmv
-Vicinity
-Title block with development name, owner, engi
’ seal and signature
-Scale

B. Topographical Featuras:
-Original contours at n
-Existing drainage patter
-Boundary lines
-Existing streets and buildip
-100-year flood line or buifdin

applicable

' intervals

C. Site Plan:
-Proposed struct
-Storm drainag

structures

e

es, roads, buildings,
system, including locatio
th drainage area maps and cal
-Location d grade of all swales and berms
-Ldentify all critical areas :
-ShowA€ype and placement of all permanent erosio
-Carfours of proposed sites
\\thQHﬁm plan
-Existing and planned ground cover
-Typical street cross-section
-Proposed profiles of roadways

aved areas

sizes,

lations
f/

L]

.

REVISIONS
MO.| DATE DEBCRIPTION

ing streams, ponds,

~A edte plan acceptable by the City Engineer's standards will include the

eering firm, engineer's

etc.

restriction floodlines, where

lengths, and all

R

n ‘eontrol measures

APPROVED:DATE - Moy B,1980
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I/
xomdlmwnm water bodies

~ . . .
-Total “hmpervious area in square feet (existing an
-Soil type

IT Narrative ~

A. Calculations of runof ANMMW\\\\\\

B. Calculations for desi of s mwater impoundment facility

B ; Staging of t

B, Soil eonhditions:

& -SetT type
-Susceptibility to erosion and preventative meas s

n . -Seedi i 1 . .
NUTzieNT nfmccn.:om,mm ;8 wa s%;%._,.ﬁ@@ constvucted 10 achteve nufrient reduchons shiall m

4 ) " . - - . . _ ’
SRRl S e et all ﬁ@&cﬂ.txﬂggﬁ &_ﬁxﬁ\_m_mﬁ_ in They NC Pwision O.«. water Qé _E
ATTENUATION giovmwater Best Manage ment Prachws Manual .
-Various methods of which impoundment stéra

ge volume is approximated Em% be
utilized; however, the result must at least e

qual that volume approximated
using the method described within this manual ‘

|bHHdmn:HHmmmn0ﬁmmm<owﬁ§mmﬁwﬂoxwamnHOSmHCmnvmHsowcamQSHnr submitted
design. ~ .

PRIMARY OUTLET DEVICE:

-All outlet devices must be constructed adhering to current construction
standards as described in the City of Greenville's "Manual of Standard
Desipgns and Details'. .

-Alternate outlet devices not referred to in this publication may be approved

REVISIONS
WO.| DATE DIEBCARIPTION

AppaoveD:patz Moy 8,1980
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Keplacos W plan

(A)2-eopies-of-the Storm Water-Management-Plan showing: 6+andan5

1. General:
Vicinity Map
Legend, North arrow and scale
Title Block with development name, owner, engineering firm, engineer’s seal, and si gnature
Existing and proposed contours at not more than 2’ intervals

AR 1HIONC L L

Flood boundaries identified
Exi a posed improvements (built upon area)
Ex proposed ground cover

o
<
=
ovl

g
@

1eting and mreemeon A edenada PDYs st haalotera
Existing and proposed dratiage pattems and structures (BMP’s, pipe systems, ditches/streams,
nonds., etc)
ponds, etc.)
Size lenoth and orade AF mimmce omd
BaLl, atiipul allh Zraac o1 PIPEs alld swales
Drainage area map
Soil types

3. Calculations:
First Flush
Aftenuation of I-year, 24-hour storm
Underdrain calculations (if necessary)
Sizing of treatment area

Pipe/swale sizing calculations

4. Maintenance:
BMP maintenance agreement
Check to record agreement (Pitt County Register of Deeds) -
Maintenance plan

Adequate access to perform required maintenance
Easement (if required)

5. Erosion Control:
Construction sequence
Location of BMP erosion control measures (1f necessary)

(B) 2 copies of the Storm Water Management Narrative showing:

Description of project

Calculations of runoff

Calculations for design of stormwater impoundment facility
Staging of the project

Soil conditions:

Soil type
Susceptibility to erosion and preventive measures
Seeding formula




at the discretion of the City Engineer. Such approval must be specifically
requested upon submittal of the drainage plan.

-The water velocity generated by any outlet device must meet the requirements

set forth by the City of Greenville Soil Erosion and Sediment Control
Ordinance.

SECONDARY OUTLET DEVICE (EMERGENCY SPILLWAY) :

-1t 1s recommended that all vegetated spillways be constructed in nonfilled
Or cut areas. However,

-Emer¥gency spillways may be constructed in fill areas provided they are

asphalt or concrete lined and have sufficient approach and exit areas.
10-yea.

-Any emergency spillways as a minimum must pass the peak «kQfQ=sear flood after

the storage facility has reached its capacity.

FACILITY LIFE:

-All stormwater impoundments are to be permanent facilities.

-All materials used in the construction of a stormwater impoundment facility

must have a life expectancy equal to that of the total facility or a regularly
scheduled replacement program must be provided.

REVISIONS

NO.

DATE DESCAIPTION

CITY OF GREENVILLE, N.C.—E

APPROVED:DATE ?_omm_mwmo

60.05

zo~zm_@~ﬂ~zn U—Wﬁu‘.—J _.ﬂo_zo. REV




| yetts
(%o’ |
2 Lm?_ N\u

On-site detention involves the storage of stormwater ru f and the controlled release
of that runoff and is applicable for all proposed sites)
MOFe—of-iHpervious—eeves~ The excess runoff must be controlled so that the rate of LoV
stormwater runoff from the developed site is less than or equal to the rate of storm-

water runoff

~“Including th
"spillway'" that will

t h el =66

o

Foied B i et .

rior to the installation of the imperviou

FO=year storm. All Hawoc:a%%:nm will have an emergency device or
safely pass the %88=year storm. The weir will be sized to carry

*year storm safely with an additional one foot of freeboard. i

+ W
o : ook A0 VLT o
Determination of Impoundment Storage Volume reauy nwiie 2 m%Qﬁb
. ®<@§2g5* i

Gy ™ man G Nk

o -2 (g =) =

Flood routing is an algebraic method for determining the
particular flood situation with regard to the
of outflow discharge. For the purpose of this manual, the routing procedure is based

Design Approaches for Stormwater Management in
" by Dr. H. Rooney Malcom, Jr. of N. C. State University. <hd

on the procedure described in the "
Urban Areas
- <l - Iy

-l

oIS I IR I S TP R I
G entt-pasiR—ae-t-gn e

1

}ﬁt*jﬂlb®1®®©l¢4¢¢$®l%@@¢l!?.951?
s cover for storms up to and
Fhe—proceduira-—is=

time and magnitude of a
rate of inflow storage versus the rate

G rOcodiir o

L0

-_u J
. . . : (€0 "7\
The maximum release rate must be limited to that rate of runo discharged from the
site immediately prior to the proposed development during the“dB=yeasr storm. This

rate can be to the Rational Method described in this manual.

[ e e by & e & S &

f=x 3 2=

calculated according

example—i-nelbuded—tiithin—ithis—ahapteim—

Maximum Permissible Release Rate N
W&ok

A group of hydrographs can be developed where the intensity is varied by

with different durations. The volume of runoff associated with each hydrograpn is
calculated by multiplying the maximum runoff rate with ¢t
(Note that runoff is

Once the hydrographs have been

cubic feet,

REVISIONS

1

WO,

OATE

DESCRIPTION

he respective storm duration
measured in cubic feet per second and the duration is in minutes) .

2 developed it is necessary to convert the maximum runoff
rates for each rainfall to storm runoff volumes. These volumes should be computed in

19

using storms

APPROVED:DATE Moy B,1980
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This is only an approximation which is applicable to small basins «see—Example—t—for—a

mdipir@admdesd=gmdm Many different methods may be used in the design of - impoundment
facilities and innovative designs will be considered by the City Engineer provided the
maximum permissible release rate and the storage facility requirements are met with a

safety factor “Fable--60=2—indireates—80Me—atternato—inethods—ot—dotonti on) In all

cases, the design will be routed for confirmation.

TABLE II

. Advantapes and Disadvantages of Measures for
Reducing\and Delaying Stormwater Runoff
o ~
N\
N\

Measure >a<mdnmmmmfl//

A. Cisterns and covered 1. Water may UM/Um
ponds a. Fire protectign
b. Watering lawns
c. Industrial proce
d. Cooling purposes
2. Reduce runoff whilg”
occupying small af
3. Land or space g
cistern may used for
other purpgfes-

. Expensive to install

Cost may be restrictive if
the cistern must accept
water from large drainage
areas

Require slight maintenance
Restricted access

Reduced available space in
basements for other areas

B. Rooftop gardens 1. Esthetdcally pleasing 1. HigheW structural loadings
. 2. Rungff reduction on roofN\and building
3. Reduce noise levels 2. ExpensiveNto install and
4. Wildlife enhancement : maintain
REVISIONS
NO.] DATE DEGCAIPTION

APPROVED:DATE May8 1980
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TABLE II, Continued

‘/r

Y

Measure N Advantages Disadvantages \k\\\\

C. Surface ﬁosw/WﬁOHmmm 1. Controls large drainage

1. Require largé areas
(usually residential areas with low release 2. Possible gollution from
areas) NG 2. Esthetically pleasing stormwater and siltation
h 3. Possible recreation 3. Possjible mosquito breeding
benefits: areas
’ a. Boating 4 ay have adverse algal
g b. Ice skating blooms as a result of

Fishing eutrophication

d. Swimming ; 5. Possible drowning
. 4. Aquatdic life habitat 6. Maintenance problems
_ 5. Increases land valye of
adjoining\ property
D. Ponding on roof by 1. Runoff de 1. Higher structural loadings
constricted down- 2. Coolin 2. Clogging of constricted
spouts Uswwhn g: inlet requiring maintenance
) a. Mater on roof 3. Freezing during winter
. Circulation through (expansion)
3% Roof ponding provides fixe 4. Waves and wave loading
g protection for building ~_ 5 Leakage of roof water into
\\\ (roof water may be tapped //f building (water damage)
7 in case of fire) N\
i
E. H:owmmmmm\m&ﬁm 1. Runoff delay and some . 1. Someéwyhat higher structural
roughnes reduction (detention in loadings
a. RippTed roof ripples or gravel) N
vV\@ﬂw<mH on roof zéx
“—REVISIONS- : //f¢ -
NO.] DATE OEBCAIPTION

APPROVED:DATE May8,1980
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TABLE II, Continued

a. Gravel wmwrwzwfwon 3. Gravel pavements may be

b. Holes in imperviweus cheaper than asphalt or
pavements (1/4 in.9 concrete (a)
filled with sand

p #
4

Measure Advantages Disadvantages ‘
A
- .9
I'. Porous pavement - 1. Runoff reduction (a and b) 1. Clogging of holes or
(parking lotsN\and 2. Potential groundwater gravel pores (a and_¥
alleys): “, recharge (a and D) 2. Compaction of eargf below

pavement or grawvél
decreases ﬁwﬁimewywﬁz of
soil (a and“b)

3. Groundwater pollution from
salt in winter (a and b)

4. Frost heaving for

impervious pavement with

~#holes (b)

. Difficult to maintain

6. Grass or weeds could grow

in porous pavement (a and
b)

X

\\\/

G. Grassed channels and 1. Runoff delay ¢
eductiofs

vegetated strips 2. Some runof

3. Esthetji€ally pleasing:
a. Fl¥owers
b Trees
)y

ﬁwﬁmwuﬁmw‘.o: ﬁmn:mwmmq,v

1. Sacrifice some land area
for vegetated strips

2. Grassed areas must be mowed

or cut periodically (main-

tenance costs)

[

Runoff delay

II. Ponding and Qmﬁm:ﬁwoﬁ\\\. ,
# (a, b, and c)

ineasures on #

g7

impervious cm<m5wbﬁﬂ 2. Runoff reduction
a. Rippled cWW@am:n (a and b)

REVISIONS

MO.| oaTe DIEBCRIFPFION
Z
e
”

‘/ :
1. mm?ﬂz:mﬁ restricted move-

Em:mﬂ%m vehicles (a)

2. H:ﬁmﬂ.//mm with normal use

CITY OF GREENVILLE, N.C.— ENGINEERING DEPT [
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TABLE II, Continued

. AN
///
Measure Advantages Disadvantages
™\,
b. Basins AN 3. Damage to ri e pavement
c. Constricted inlets during snow”removal (a)
N 4. Depressiehs collect dirt
and d (a, b, and c)

1. Reservoir or deten- 1.~Runoff delay : 1. €onsiderable amount of
tion basin 2. Recreation benefits \%\%\Hng is necessary
‘ a. Nce skating # 2. Maintenance costs:
b. Baseball, football, a. Mowing grass
etcy, if land is b. Herbicides
provided s c. Cleaning periodically
3. Esthetica vﬂhﬁﬁw:m (silt removal)
4. Could controlZLarge 3. Mosquito breeding arca -
drainage apeas with 4. Siltation in basin
low H@Wwwww ////
J. Converted septic 1. ro\EATmHmHHmﬁwo: costs 1. Requires periodic
tank for storage 2. Ranoff reduction maintenance (silt removal)
. and groundwater " (infiltration and 2. Possible health hazard
recharge \\\a storage) ., 3. Sometimes requires a
- 3. Water may be used for: AN pump for emptying after
rd a. Fire protection /ff/mﬁoﬂa
e b. Watering lawns and A
\\\\ gardens x//
- €. Groundwater-recharge N
~ /V
\\\
REVISIONS
NO.J OATE DEGCRIPTION

APPROVED: DATE ?._cn B,1980
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~ TABLE II, Continued

Mecasure ///

Advantages

Disadvantages

Runoff reduction
infiltration)

K. Groundwater recharge:
a. Perforated pipe
or hose 2.

=

\\P\\memmw:m of pores or
perforated pipe

Initial expense of

o

,Elzmmmﬁ amn:mﬂmmi\\\\\ 2.
b. French drain with latively cle installation (materials)
c. Porous pipe water .\\\\\n
d. Dry well 3. May supply er to
- garden or eas
4. Little~€vaporati loss
~
L. High delay grass < Runoff delay //f/, 1. More difficult to mow
(high roughness) P 2. Increased infiltration ff//f
M. Routing mwwm\&&mﬂ 1. Runoff delay 1. Po%sible erosion. or scour
lawn _ 2. Increased infiltration 2. Standj water on lawn in
o~ depressieas
- , ~
= \\\ :

REVISIONS
DESCRIFTION

MO.} DATE

APPROVED:DATE May B,1980
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AN
bty ™Q/ t WQ,
I N I Qp
0.5 o.M/ 0.0 0. FOR_STEP FUNCTION, (2) :
1.0 10 I\, 0.1 0.
N,
1.5 06 Y 0.2 0.
N 0.3 0.
2.0 0.3 . B a b
3.0 0.07 //, 0.5 0.
f/,../,. Mw M Ad_\ ! v is in radians
m<<_u...o_ N 0.8 0. ’
g 9 0.
x@f? for t>1251;:
I o . 0N .
PITT COUNTY LN :
: \ : } -1.42 /1
S-yr, 6hr. Rainfall 3.86 in. 1.2 Se Q Q=537Q, e
IO-yr., 6hr. Ralnfall 4.40 In. 1.3 . .
3 L~ "
25-yr.,, 6 hr. Ralnfall 5.24 In, .4 0.
50-yr, 6hr Rainfall 5.85 In. _ .m M
100-yr, 6hr. Rainfall 6.60 In. _.q o..
l.8 0.
SWD-03 e o
yd 2.0 0. :
e 2. | 0.28 0.27
(1) FROM US. BUREAU OF RECKKMATION, DESIGN OF SMALL | 2.2 0.24 0.24
DAMS , 2nd EDITION ENVER, COLORADO 2. 3 0.21 0.20
(2) STEP FUNCTION .m_.mmw_oz APPROACHES TO STORMWATER 2.4 0.18 0.18
MANAGEMESFT, DR. H.R.MALCOM, JR., NGSU. > 5 0.15 015
v 2.6 0.13 0.13
REVISIONS ~
HO.| DATE DESCRIPTION . m—éo - OMIVI
APPROVED:DATE Moy B8,1980
DIMENSIONLESS HYDROGRAPH COORDINATES
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PARKING Lt. DETENTION

PROBLEM: EXAMPLE NO. 1

ArmNautomobile dealership is to be constructed on a currently undev
six¥ acre tract.

GIVEN DATA:

The site 2HHH,,WooSm almost totally impervious by

e placement of buildings
and paved parkiig areas.

DESIGN REQUIREMENT AN
A. Design a stormwate ity that will control the increased

runoff created by th
from the developed si
prior to development.

ment, so that the 10-year runoff rate
alent to the l0-year rate from the site

B. The facility must be 1

e

MAXIMUM PERMISSIBLE RELEASE R

Assume: Maximum peg
prior to mmdmww
unimproved sit#e,

‘missible release e = peak l0-year discharge for site
ent. C = 0.25 (Chart :3), A= 6 AC. Using topo map of
locate the point of desiyn: and the most remote point from

the Qmmhwx ite. .

\x\x Elevation of remote point 62 ft
yd Elevation of point of design 59 ft
Difference in elevation 3 ft

Length of travel 300 ft ,

\\\\ Te =(3.6)%x2 = 7.2 minutes (Chart SD-2) For Overland flow, ° ultiply Tc by 2
) Assume Tc = Duration ... i = 7.0 in/hr (Chart SD-1) :
REVISIONS
R DESCRIPTION Q = CiA = (0.25)(7.0)(6) = 10.5 SAY 11 cfs

Maximum Permissible release Rate = 11 cfs

APPROVED:DATE May B,1980
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Fe AK RUNOFF: (DEVELOPED)

Calculate the peak runoff rate for a 10-year storm assuming the site is
developed. C(developed) = 0.90 (Chart SD-3)., Using the site plan showing

. Proposed conditions, locate the point of design and the most remote point
1/ on the site.

Elevation of remote point 60 ft

Elevation of point of design 58 f¢t

\_ Difference in elevation 2 fc
N

Pepgth of travel 300 ft

.
-Te = (4.3)(0.48% = 1.72 minutes (Chart SD-2)
Assume minimum a%lowable Tc = 5 minutes
" Assume Tc = Durati /u...H = 7.5 in/hr (Chart SD-1)
Q = CiA =0.90)(7.5)(6) = 40.50 SAY/4l cfs

Peak Inflow m veloped) = 41 cf

INFLOW HYDROGRAPH:

Let the hydrograph peak at the 10-
volume under the hydrograph at 't
(Rf:SCS TR-55)

Rational Flow with C = 0.90. Set the
r, 6-hr runoff: use CN = 90

A. Peak flow: Qp (develop conditions) = 41 cfs

B. Runcoff: S = HoowK - 10 = 1.11 inches (Rf:SCS TR-55)
C. wwmnﬁﬁwnmnwozwiw” U.S. Weather Bureau TP-40)
Pitt County
4~ S-year 6hr rainfall ...... 3.86 inches
” ) B . / .
| /| 10-year 6hr rainfall ...... 4.40 inches
P EYST: mﬁﬁﬁﬁﬁwsz L 25-year 6hr rainfall ...... 5.24 inches
: — \\\ 50-year 6hr rainfall ...... 5.85 inches
s 100-year 6hr rainfall ...... 6.60 inches

APPROVED:DATE MayB8980

STD.NO.

60 149

REV.
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STORAGE REQUIRED:

P = 10-year, 6-hr rain 4.4 ches for Pitt Co.

: 2
Runoff = (P - 0.25). 3.30 inches (Rf: SCS TR-55)

P+ 0.88

ime to Peak: Use the pattern hydrograph (Rf - SCS, National En

:»ﬂmdoorv to set Tp such that the hydrograph peaks a
3.3 aches of runoff.
6-hr Y off.

gineering
t 41 cfs and contains
Set the volume under the hydrograph at the 10-year,

= (3.30 in) (6 AC) [1 £t ] (43560. £c2/AC) (1/ “min/sec)
o@. (1.37) (&4Icts) 172 in .

S Tp = 21.3 EWﬁﬁ/m>x 21 min

Inflow :%mwomﬂmww

=
o
I

i

Estimate Storage by the Triangul proximation

Hydrograph

e: Qo is Max. Permis

mH. = m@..&il ‘Dﬁ.v-ﬁﬁu z
{

w 93]
o

I It
S
~J £~
o =
o p]
o Hh
(73]
A
I,_I
H

w
p—
N
SS)
=

3
te

=}
N~
~\
(=)
o
4]
1]
@]
\-

- 8
|-I.
3
S
]
w
~J
[o=]
o

The parking lo# is designed to move t
wide, 12 in. dépression will detain the
the am@ﬁﬁv,wos may be as:zumed to
driveway”type ramps to ma it a
REVISIONs - TV EVEYT EYD ps ke it a

he runoff to one side where a%

excess runoff. For design purpd
have vertical sides but in f

NO.

DATE

act will Ifﬂm .
vailable for parking. . N

DESCRIPTION
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)

xsoSHﬂm/mrm volume, depth, an J-anwh \
// Length = uNmoo\AwmmeNw\w 302.4 ft SAY 305 ft
torage = (125) (305) (z) Z = ft, Storage - ft
Stoxage = 38125 (Z2)

A []
TR ? ruuom.
amﬁ ” z : NSRS W= 125
“uﬂﬂvw../d“ﬂﬂ%.yﬂ\\\ﬁ/ d i =]l —GRATE D= 15"
) S=38125 f13
H h J\,\,\U .
/ = | }
—N, 125' I_
OUTLET DEVICE:
Knowing the maximum : ign a device which will.suit..
the impoundment an
Use a grate(s)~Tocated at the back of the curb mmfmﬁm low spot in the ﬁmﬁxMSm‘
lot. Design e grate with sufficient area between “the bars to allow for a
flow of af least twice the maximum release rate to aklow for the possibility
of tragh”collecting in the grate. N
!
MWQ&MM a pipe(s) that will cause the water to pond at a m/,w: of 12 inches
n the parking lot while operating at 11 cfs. Use the oriflge equation or
Chart SD-b for concrete pipes to select the appropriate numbe¥. and gize
of the pipe(s). N
N\
REVISIONS
NO.| DATE DESCRIPTION

APPROVED:DATE May8,1960
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here: Q = 11 cfs(Peak Outflow)
Cp = 0.58 (Square edge with headwall)
. g = 32.2 ft/sec (acceleration due to gravity)
AN h = head from the centerline of the pipe (ft)
iflb = Cross-sectional area of pipe (ft)

Choose noMMﬂMﬁm pipe(s) With Q = 11 cfs & Cp = 0.58

{ \
No .J»@mm Dia. | HW
1 //// 12 | 9.6
1 N 15 4.3 [——Use a 15" conc. pipe with h = 3.68 ft.
‘ 2 /J&ﬂ 2.8 and HW = 4.3

I
ROUTING FOR CONFIRMATION:

A. Stage Storage Relation: rage facility dimensions, the stage
storage relationship can ea calculated with the following equatior

5 = 38,125(2 0, is the parking lot w:ﬁmmomv

|
Use the o™ifice equation with one 15 inch pipe,
ert located 3.3ft. below the parking lot surface.

B. Stage Discharge Relatio
AUHU = O..mm. a.q.“m..ﬁ_.,.u the i

D\\\I OUbL MMT '
Water Ww&ﬂwnmnv Storage(cu ft) - Discharge(cfs)
ﬁ “0.5 0 4. 04
1.0 _ 0 5.71
p 2.0 0 8.08
Parking Lot (Z38)- 2.68 0 N\, 9.35
- 2.88 7625 )
3.08 15250
3.28 22875
) 3.48 : 30500 10.66
REVISIONS 3.68 38125 10.96
rzo. DATE CESCRIPTION

VleOn on Graph Hltrlb

(Note) Neglect the storage in the pipe and 8rafe. eo

2
wf0n on OWer 2

:DATE MayB,1980

CITY OF GREENVILLE, N.C.— ENGINEERING DEPT [T e
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INFLOW HYDROGRAPH:
N
= 41 cfs Plot t and Q for
Previously computed Inflow Hydrograph
Tp 21 min .
N\ : .
I
N, Dimensionless llydrograph Coordinates

for the 6-hour approximation) (Reference DE-02b)

1ﬁo be used

£ ~t t ;
( unction D X ﬁv Q Dv x ov&x
0.0 0% , 0.0
0.1 0. (R 2.
0.2 0.G95\ 4.
0.3 0.21 6.
0.4 0.35 8
0.5 0.50 0.
0.6 0.65 2
0.7 0.79 4,
0.8 0.90 /lg. o7
0.9 0.98 1
1.0 1.00 &
1.1 0.98 L~
1.2 0.90
1.3 0.85
1.4 0.74 »
1.5 oY
1.6
1.7
1.8 S 0.42
1.9 \\n.\ 0.36
2.0 3 0.31
2 0.27
A2 0.24
V2.3 0.20 48.3
. 52.5 4
NHO.] DATE zm‘“_m__wu_nn”,ww_._mozm DHM Ub.m /

Step Function: For OAnAH.munﬁ“ Q = ow\mAH cos( n\nvvv
For nhw.mmnv“ Q = uqomnm 1.42¢/tp)
" APPROVED:DATE May 8,1980
CITY OF GREENVILLE, N.C.— ENGINEERING DEPT. [
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WATER
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"\ GRAPH |
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L

GRAPH 2

10 ~20
# 3
STOBAGE (1000113)

e

REVISIONS

MO,

DATE

DIESCRIPTION

DISCHARGE (cfs)

.
N

mﬁﬁ<‘:%.ﬂﬁ

ééqﬁﬁm N.C.—

APPROVED:DATE May8 1980
LI.!.IFI...J
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s \ _
“ il..J_Z_n.EMS\r (FROM INFLOW HYDROGRAPH TABLE)
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| \\
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\\&
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) :
/
\\ "
/o \
0 i N . e
0 10 20 20
\\ TIME (MIN)
/
REVISIONS
NO.| DATE DESCRIPTION
APPROVED:DATE May 8,980
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e

Set At = mw\uo = 2.1 min, >und down to 2 min)
Then : Dm,,.ﬂ. = (I - 0;) (2min) (60 sec/min) = As in fr3
\ ROUTING TABLE
L9
i/j | TIME |“NNFLOW STORAGE OUTFLOW || 1/ TIME INFLOW STORAGE OUTTLOW
(min) s) (cu ft) (cfs) (min) (cfs) (cu ft) nmu%“v\
~ x 1000 x 1000
.IJI
| 0 0.0 N0 0.0 13 24 39.4 | .20.70 ¥ 10.3
3497
> 2 26 36. 8 2419 10.4
3.17 B
3 4 28 32.3 T 27.36 10.5
2.62 .
4 & 30 }728.5 29.98 10.6
) pd 2.15
5 8 2 24.6 32.13 10.7
_ 1.67
6 10 //&mﬂ 21.2 33.80 10.8
1.25
. 12 36 [N8.8 35.05 10.8
///// 0.96
8 14 38 16.55]  36.01 10.9
) 0.67
9 16 40 14.7 10.9
10 18 42 12.7 37.14 10.9
0.22 [N
11 20 44 10.8 37.36—PEAK——TQ_ 9
) —0.012
I 13 40. 8 17.02 10.1 24 46 9.6 37.35 10.9
3.68
REVISIONS
MO.] DATE DESCRIPTION
APPROVED:DATE May 8,1980
CITY O GREENVI LLE, N.C.— ENGINEERING DEPT _mmm%%um




ROUTINGRESULTS

N~

N

ITEM AS ROUTED PRELIMINARY DESTGN
Ny,
1. OUMlow Peak (cfs) 10.9 ~AT1.0
\\\.
2. Storage ume (ft3) 37,360.0 " 38,125.0
3. Water Level (£t | 12.0
m N
/f./..
/.I

CONCLUSIO

REVISIONS

The facility is slightly overde

but is so close to the target design
that there will be no need t

‘e problem.
~

Once the design impoundmént facility has reac

device or "Emergency-Spillway"

way that no dange

d it's capacity, a secondary
will discharge théwexcess runoff in such a
to loss of 1ifé or facility is cre

w for any additional runoff
_J€ehind the grated inlet.

-
\\\

l\\.\m .

=

Design the weir for the peak 100-year storm as in the Sedim
Basin design example contained in this manual in section 20.

NO.| DATE

ODESCRIPTION

CITY OF

APPROVED:DATE May B,1980

GREENVILLE, N.C.— ENGINEERING DEPT. e
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DETENTION BASIN PROCEDURES

EXAMPLE No. 2

GIVEN DATA:

20 acre parking lot drains to one side, where there is a potentjal pond

SWte of 175 ft. x 300 ft. in size adjacent to a small stream. TTie parking
lot™Ns almost square. .
N

: N

DESIGN mmocim_smz.ﬂv
Design a hol
to no more than

g pond to control the peak outflow from

1 10-year storm
he peak flow before development.

MAXIMUM RELEASE RATE: N

* The maximum permissible
the site. prior to developme
topo map of unimproved site,
point from the design site.

c€ase rate equals the peak 10-year discharge for
= . SD-3), A = 20 AC. Using
t of design and the most remote

Length of travel
Height of remote pe#int

T (10.5) x 2 = 21 minutes (C

= rt SD-2)
by 2. . Assume Tc = Duration .

overland flow, multiply Tc
i =4.9 in/hr

hart SD-1)

(0.30)(4.9)(20) = 29.

permissible release rate = 30

N

N
Calculate the pg@Ak runoff rate for a 10-year storm assuming the shte is
developed. Cffeveloped) = 0.95 (Chart SD-2). Using the site plan sShowing

proposed copditions, locate the. point of design and the most remote po
on the si-

950"

n

7 Length of travel
REVISIONS

lleight of remote point 5!

DATE OEBCRIPTION |

NO.

ApproveD:pATe MayB,1980

e

[STD.NO. [REV.
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g
O
1l

(11.6) x 0.4 = 4.6 minuter Chart SD-2), for overland flow,
ncrete or asphalt surfaces, multiply Tc by 0.4.

Assyme Tc = Duration .... i = 7.5 in/hr (Chart SD-1)

N, Q = CiA = (0.95)(7.5)(20)

142.5 cfs
““Peak inflow (developed)

142 cfs

INFLOW HYDROGRAPH:

Let the hydrogra peak at the 10-year rational flow with C
Set the volume und the hydrograph at the 10-year, 6-hr.
Use CN = 90 (Rf: SCS ﬁﬁlmmu

‘A. Peak Flow: Qp (deve ed conditions) = CiA =

B. Runoff: S = 1,000/CN - SCS TR-55)

C. Precipitation (Rf: U. S.:

TP - 40)
P =10 year - 6-hr. rain = 4

es (Chart SWD-03)
Runoff = (P-0.25)2= 3.3 (Rf: SCS TR-55)

D. Time to Peak: Use th
. Handbook) to set Hw
. contains 3.3 inc

pattern hydrograph
uch that the hydrographN\peaks at 142 cfs and

the 10-year 6-kf. runoff. \
fp 7 Yol ' = (3.30 in)(20 AC) (1 £t)(1 min) (W4,560 £t2/acre
v L.37 Qp (1.37)7(142 cfsy (12 in) (60 scc) N\
\\
\\\ H,mu = 20.5 SAY NH Su..:.
| INFLOW HYDROGRAPH
Qp = 142 cfs
Hv = 21 min
REVISIONS
HO.| DATE DEOCRIPTION

f: SCS, National Engineering

¥s of runoff. Set the volumeNunder the hydrograph at

APpROVED:pATE Moy 8,1980

"
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. JRAGE REQUIRED:

NEstimate storage by the Triangular llydrograph Approximation

Sr = ﬁow - oDuqﬁ Note: Q, is Max. Permissible Outflow

// Sr = (142 cfs - 30 cfs) (21 min) (60 sec/min) = 141,120 ft

N\ .
“ar - 141,120 ft3 Estimated Storage Required
R, g
Provide some excess, say 10%
Therefo storage = (1.10)(141,120) = 155, SAY 155,000 ft3
. Let the ﬁomm,amﬁd: be 5 ft.

Then,

Area requirdd = 155,0 = 31,000 ft2

Try a rectanpgle 130' x !

OUTLET DEVICE:

Knowing the maximum relea€e rate (30 cfs),
cause the water to HMWb to a depth of 5' when
30 cfs. Use the orifice equation or Chart SD-e
number and size of# the pipe(s).

a

oose a pipe(s) which will
he pipe is operating at
0 select the appropriate

_— N
Q = CpA gwm: ¢.:. Orifice Equation -~ i Ki;
where: \\\m = 30 cfs (Peak Outflow) N
# Cp = 0.52 (mitered to conform to slope)(Chart SD%e¢)
\\\\\ g = 32.2 ft/sec N
h = head from the centerline of the pipe (ft)
A = Cross-sectional area of pipe (ft)

REVISIONS
MOl oaTE DEBCAIPTION

APPROVED:pATE May8,1980

CITY OF GREENVILLE, N.C.— M.ZQ_ZMEWHZQ DEPT. Or
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Choose: C.M. pipe(s) with Q = 30 cfs
//// No. Pipes Dia. Hw
3 15 4.4
. 2 18 4.9 |—use (2x18") C.M.
N 1 24 6.2 h = 4.1'" and HW
PLOT STAGE DISCHARGE ON GRAPI-2
ROUTING FOR CONFIRMATION
. ﬁﬁmm STORAGE RELATION
" Width x Water Level h Area Increme 1 Accumulated
Length (ft) t2) Vol um .<oHc_w_m
ft t9) ft
(£t) . \\\ (£t3)
130x240 0 31, 200N 0
Huomﬁma@ 1 , 456 Hl. 32,328
142x2572 2 \\\\ 35,500 . 66,806
148x258 _ 38,184 103,648
39, \
154x264 4 40,656 ]
[~ 41,928
160x270 4~ 5 43,200 MA/
P T 44,508
166 6 6 45,816 ] 229,504
[~ 47,160
S172x282 7 48,504 ] 276,664
REVISIONS L Plot on Graph 1 }
NO.] OATE DEBCRIPTION

APPROYED: DATE

z::_.m__mmo

CITY OF GREENVILLE, N.C.— ENGINEERING DEPT.

REV
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l//
AN
.N..
ml
.l ]
water [
LEVEL
(ft)
3f S/
. |
/
Ir /
/
/ . . y . . , . . | . N\ |
0 40 80" 120 IO 200 240 0 5 10 15 20 25 um//mw
Aﬁem (1000 f13) ‘ DISCHARGE (cfs) ,
REVISIONS
NO. DATE DULSCRIPTION
ApprovED:pATE Moy B,1980
CITY OF GREENVILLE, N.C.— ENGINEERING DEPT [roRe ey

I—I—I—-'—IIIIIIIH




inFLOW HYDROGRAPH:
Q P 142 cfs

Previously computed

]

21 min

Dimensionless Hydrograph Coordinates

N\
ll/r (To be used for the 6-hour approximation) (Chart Si

-02(2))

t

Q/Q
h p X Tp)

_ Q
(Step Function) (t/t (Q/QprX Qp)

0.0
3.41
13.49
29.82
49.70
71.00
92. 30
112.18
127.80
139.16
142.00
139.16
127.80
120.70
105.08
90.88
78.10
68.16
59.64
51,12

N 024
095

\
.

MM NNNE R R b e OO0 OO0 00O o

. . . = s e

-

.

AN
LY

JerJN%—‘GkDCo-.JO\U'IJ:suNi—tDLDoo-.JD\mAuNP—-‘D

REVISIONS 5¢
DESCRIPTION

NO.] DATE

N\

1

CITY OF GREENVILLE, N.C.— ENGINEERING DEPT.
s

APPROVED:DATE MoyB8,1980
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Set at = .mn\wo = 2.1 min, (Rou *0o 2 min)
Then: aSij = (Ii - 0i)(2 min) (60 s ain) As in ft?d
ROUTING TABLE
e N, e
HH;?// INFLOW | STORAGE OUTFLOW TIME INFLOW STORAGE OUT FLOW
(min) ™ (cfs) | (1000 ft3) (cfs) | (min) (cfs) (1000 ft3) ’s)
Y
0 0 0 26 123 23 _
2 3 0 28 115 25
4 | 12 0 30 100 26
6 |° 27 0 32 143.16 27
\\\\ 7.32
8 45 N1 34 77 150.48 27
‘ 6.00
10 66 2 3 67 156.48 28
4.68
12 87 3 <38 58 161.16 28
_ 2.76
14 107 6 40 51 163.92 29
2.64 .
16 | 123 \\Jo 42 45 166.56 20
. : 1.92 |
18 135 14 44 168.48 29
1.20 i
20 141 17 46 34 29 U
22 141 19 48 30 29
24 1 22 50 .26 170.40 N 29 |
/ M
# N i
REVISIONS
WO.J DATE DESCRIPTION
Approvap:paTe May8,1980
I " \ ™ i ) 7 \
CITY OF GREENVILLE, N.C.— ENGINEERING DEPT, [




/, HYDROGRAPH

1601

140}

120

100}

?w& e \\  _ | E%rml
60} a >

401}

OUTFLOW (FROM R

0 \\ , .30 40 50 ////
2

TIME (MIN) . _ N
//
REVISIONS /

NO.| DATE DESCRIPTION

APPROVED:DATE Moy 8,1980
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CONCLUSION:

ITEM

W . —_—

A. <OUTED PRELIMINARY DESTGN
Outflow Peak (cfs) 29.0 30.0
Storage Volume (£t)3  170,400.0 155,000.0
4.7 5.0

3. Waten™level (ft)

The basin is slig
1s desired,
- (at a greater depth).

FURTHER DESIGN WORK NECESSARY: N\

R R

ly overcontrolled for this storm.
ﬂ%&ﬂH% larger pipe, a weir, or a

N\

If aore accuracy

try a s tle less storage

Once the
"Emergency
no danger

Design the

Size the

tacility has reached

to loss of life or faci

runoff to flow through a w

weir to carcy” the 100-year storm (
Set the height of

Hei

, @ secondary device or
excess runoff in such a way that
Yy is created.

Spillway'" will disch

weir for the peak Allow for any additional

adjacent to the stream.

h00) -
e Emergency Spillway at t Z5-year stornm.

of Emergency Spillway = 5.6

T
o
'--’
o)
i \\
< [t AN
= 9}
I n u

REVISIONS
DIEBCRIPTION

HO.] DATE

hmﬂwpwzm% height determined by routing the

-year storm).

4.6 (previously calculated)
10 in/hr (Chart SD-1) for 100-year storm
CiA = mo.@muﬁHOumNOu = 190 cfs

APProvVED: DATE May 8,1980
—t

REV.




/// Use maximum velocity of 5 ft/sec over emergency spillway:

Cw x L x H3/3

)
i}

1}

//1 vV =Q Cw x L x :u\m
.. A (273) x () x (L)

(Cw = 3.0 for broad crested weir)

Vo= x N
Hallow = m<\a.wq , (use V = 5 ft/se
. lHallow = 1.23 {t
L = Q100 for V = 5 ft
(Cw) X (Hallo , (for /sec)
L = 190 ft. for length of weir

”
o
\\\\\ _ D—
Illl/.fl!ll
H Q —_—
| ‘ - 25
mﬂMWon
EMERGENCY
SPILLWAY

REVISIONS

HO.

DATE DIESCRIPTION

APPROVED:DATE MoyB8,1980
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SUMMARY “SKETCH:

~TOP OF CURB

(3

SPILLWAY

A »\\,\G«\\\a&\ 77\

.. _uo.mojozsaax h._u_vm g:mmmoano_;zqo?o_um
240'BOTTOM LENGTH .

REVISIONS

HO.] DATE DEBCRIPTION

APPROVED:DATE May B,1980
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